Abstract. the membranous form of vascular cell adhesion molecule (Vcam)-1 supports metastasis, while its soluble forms may suppress cancer growth by competitive inhibition of ligand binding to Vcam-1 and/or by inducing chemotaxis of lymphocytes. here, we investigated the biological kinetics of membranous and soluble forms of Vcam-1 in tumors, and evaluated their association with malignant potential in colorectal cancer. We measured tissue concentrations of soluble Vcam-1 (sVcam-1) in tumors and normal mucosa from 150 colorectal cancer patients. Vcam-1 expression was detected immunohistochemically. reduced levels of sVCAM-1 in cancer tissues were significantly associated with factors reflecting disease progression such as T classification, lymphatic duct and vessel involvement, lymph node metastasis and distant metastasis. in cox multivariate analysis, distant metastasis and reduced sVcam-1 levels in cancer tissues were independent risk factors for poor prognosis. immunohistochemically, Vcam-1 was intensely expressed in cancer stroma, and its expression was associated with decreased sVcam-1 concentrations and poor prognosis. decreased tissue concentrations of sVcam-1 in colorectal cancer patients were significantly correlated with clinicopathological parameters and prognosis. Suppressed shedding of membranous Vcam-1 in its soluble form into the cancer stroma might play a role in the progression of colorectal carcinoma.
Introduction
Vascular cell adhesion molecule-1 (Vcam-1, cd106) is a 90-kda glycoprotein containing six or seven immunoglobulin domains. Vcam-1 is a member of the immunoglobulin superfamily of adhesion molecules and is constitutively expressed in many different cell types, including activated endothelial cells, bone marrow stromal cells, spleen stromal cells, thymic epithelial cells, peripheral lymph nodes (lns) and mesenteric ln high endothelial venules (1, 2) .
it is possible that Vcam-1 is involved in mediating tumor cell adhesion to vascular endothelial cells and promoting the metastatic process (3). Vcam-1-dependent adhesion is known to be responsible for lung metastasis (4). Vcam-1 expression has recently been demonstrated in gastric tumor cells, as well as in tumor-associated endothelial cells, and its expression level is related to invasiveness and advanced stage in gastric tumors (5) . however, the mechanism behind the tumorpromoting function of Vcam-1 produced by carcinoma cells is poorly understood. integrin α4β1, a partner molecule of Vcam-1, is strongly expressed in the endothelium (6) (7) (8) , and it is therefore conceivable that endothelial integrin α4β1 and tumor cell-produced Vcam-1 may play roles in the adhesion of carcinoma cells to the endothelium during the malignant progression of tumors.
Other reports have suggested a mechanism of tumor immune evasion, whereby tumor expression of Vcam-1 may promote t-cell migration away from tumors, resulting in fewer t cells accumulating in the tumor microenvironment (9, 10) . this decreased accumulation of t cells around tumor cells contributes to the ability of Vcam-1-expressing tumor cells to escape immune attack. Vcam-1 is therefore thought to play a key role in the process of malignant progression.
Soluble forms of Vcam-1 (sVcam-1) have previously been identified (11). It is likely that the soluble products are derived from a range of sources, including enzymatic cleavage from endothelial, leukocyte and tumor cell surfaces, possibly influenced by the intra-tumoral cytokine environment. Elevated serum levels of sVcam-1 have recently been shown to be associated with disease stage and progression in patients with gastric (8), colorectal (12) , breast (13) , prostate (14) and bladder (15) cancers, and leukemia (16) . in contrast, sVcam-1 acts as a chemoattractant (17) and competitive inhibitor through interaction with α4 integrins in the local microenvironment (18) . although many studies have suggested the importance of Vcam-1, the kinetics of the two forms of the molecule have not been investigated. the aim of this study was to evaluate the tissue concentrations of sVcam-1 in colorectal cancer and to clarify its relation to disease progression, with special reference to Vcam-1 expression in the tumor, especially in the cancer cell cytoplasm or cancer stroma.
Patients and methods
a total of 150 patients undergoing surgery for colorectal cancer from 1996 to 2002 at mie university hospital, japan, were enrolled in this study. ninety-four of these patients were male. the mean age was 64.9 years (range 37-86 years). no perioperative mortalities were observed among these patients. no patients had received chemotherapy or radiation therapy prior to surgery.
the location of the tumors and distant metastases were determined by barium enema, colonoscopy, computed tomography (ct) and magnetic resonance image. the primary lesion was located in the rectum in 66 patients, the sigmoid colon in 45 patients, the ascending colon in 27 patients, the transverse colon in 7 patients, and the descending colon in 5 patients. twenty-eight patients were diagnosed with synchronous liver metastasis and 3 patients with both liver metastasis and peritoneal dissemination. all patients underwent tumor resection and 15 patients underwent simultaneous partial hepatectomy for liver metastasis. Other patients with stage 4 disease had synchronous lung metastasis or peritoneal dissemination. no perioperative mortalities were observed among these patients. thirteen patients had poorly differentiated adenocarcinomas, while 137 patients had well-or moderately differentiated adenocarcinomas. all patients were classified according to the Union Internationale Contre le Cancer (UICC) classification system, based on resected specimens. there were 37 patients with uicc stage i (t1-2n0m0), 35 patients with uicc stage ii (t3-4n0m0), 39 patients with uicc stage iii (txn1-2m0) and 39 patients with uicc stage iV (txnxm1) disease. Stage iii and iV patients received fluorouracil-based chemotherapy, whereas stage i and ii patients received no postoperative adjuvant therapy. patients were observed at 3-month intervals for 24 months after completion of surgery, followed by every 6 months for 3 years, and then yearly. a history was taken and a physical examination was performed at each visit, and chest x-ray, colonoscopy and ct were performed once a year. the median follow-up time was 60.6 months (mean 51.6±28.4 months). among the 150 patients studied, 47 died due to primary or recurrent disease. the clinicopathologic parameters studied for their possible prognostic value were T classification, vessel involvement, lymphatic invasion, lymph node metastases and distant metastasis.
Fresh, operative specimens of the primary colorectal cancer and adjacent normal mucosa, taken ~10 cm from the neoplasm, were immediately frozen in liquid nitrogen after resection and stored at -80˚C until assay and DNA extraction.
Tissue concentrations of sVCAM-1. Surgical specimens were stored in liquid nitrogen until use. three hundred specimens (150 cancer and 150 normal colorectal mucosa) were prepared for analysis of tissue sVcam-1 expression. these samples were thawed, quickly weighed, and placed in 5 ml of phosphate-buffered saline (pbS). the tissues were homogenized on ice in 1 ml extraction buffer per 100 mg wet weight of tissue using a motor-driven Teflon pestle for 5 min. the tissue extract obtained after centrifugation at 12,000 rpm for 15 min at 4˚C was placed in a 200-µl vial and stored at -80˚C. The concentrations of sVCAM-1 and protein in these tissues were measured in the supernatant, using a commercially available enzyme-linked immunosorbent assay (EliSa) kit (bioSource international, camarillo, ca, uSa). protein concentrations were measured using a bca protein assay kit (pierce chemical, rockford, il, uSa). tissue concentrations were expressed as ng/mg protein. this EliSa was specific for the measurement of sVCAM-1 and did not detect membrane-bound Vcam-1. informed consent was obtained from each subject. the protocol was approved by the review board of our institute.
Immunohistochemical analysis. Sixty patients were randomly selected for immunohistochemical analysis. thirty-eight of them were male. the mean age was 63.6 years (range 37-83 years). there were 14 patients with uicc stage i, 11 with uicc stage ii, 19 with uicc stage iii and 16 patients with uicc stage iV disease. the median follow-up time was 61.9 months (mean 53.0±28.3 months). nineteen of the 60 patients died due to primary or recurrent disease. Paraffin-embedded specimens were cut into 5-µm sections and attached to glass slides with melted wax at 65˚C. The sections were then dewaxed, hydrated and incubated in 3% hydrogen peroxide for 30 min. the sections were washed in cold tap water, heated in a microwave oven, and washed three times in pbS (ph 7.4) for 5 min. after washing with pbS, sections were incubated with primary antibodies overnight at 4˚C. Non-specific binding was blocked by incubation with blocking solution for 1 h at room temperature. the sections were incubated with a mouse monoclonal antibody raised against Vcam-1 (Santa cruz, ca, uSa) at a dilution of 1:100 overnight at 4˚C in a moist chamber. The sections were washed and incubated for 30 min at room temperature with biotinylated anti-rabbit igg diluted in pbS. the sections were then incubated with avidin/biotin complex reagent for 3 h at room temperature. the color was developed for 90 sec using a Vector dab substrate kit and counterstained with meyer's hematoxylin (Vector laboratories, burlingame, ca, USA). The specificity of the immunoreaction was verified by staining known positive and negative control tissue sections, and by negative staining when the primary antibody was replaced by normal mouse serum. the percentage of positively stained tumor cells was evaluated for each tumor section after counting 1,000 cells per high power field. VCAM-1 expression was classified as positive when >30% of carcinoma and/or stromal cells were stained. the slides were evaluated three times by three independent investigators who were blinded to the nature of the specimens and antibodies used. This immunohistochemical analysis was specific for the measurement of membrane-bound Vcam-1 and did not detect sVcam-1.
Statistical analysis. Statistical analysis was performed using StatView software (version 5; abacus concepts, inc., berkeley, ca, uSa). results are expressed as mean ± standard deviation (Sd). kruskal-Wallis analysis of variance (anOVa) and the mann-Whitney u test were used to evaluate differences between multiple groups and unpaired observations, respectively. the Spearman rank correlations test was used to determine statistical correlations. analyses of nonparametric operating characteristics (rOc) were performed to calculate the cut-off values according to the most accurate value obtained using medcalc 7.2 for Windows (mariakerke, belgium). actuarial survival curves were obtained using the kaplan-meier method, and comparisons were made using log-rank tests. the cox proportional hazards regression model was used for multivariate analysis, after the relevant prognostic variables had been defined by univariate analysis. contingency tables were analyzed by χ 2 tests with Yates' correction. two-sided p-values <0.05 were considered to be statistically significant. as T classification, vessel involvement, lymphatic vessel involvement, lymph node metastasis and the presence of distant metastasis. in addition, the cancer tissue level of sVCAM-1 decreased significantly in accordance with the progression of UICC classification. In contrast, there was no significant relationship between tissue levels of sVCAM-1 in normal mucosa and disease progression factors, except for vessel involvement.
Results

Tissue
Relationship between the sVCAM-1 expression level in cancer tissue and tumor size. Fig. 2 shows the relationship between cancer tissue concentrations of sVcam-1 and tumor size. there was a negative correlation between sVcam-1 levels in cancer tissues and tumor size (r=-0.145, p=0.0029).
Relationship between sVCAM-1 expression in cancer tissue
and the 5-year patient survival. cut-off points for the tissue concentrations of sVcam-1 in cancer and normal mucosa were determined using the best pair of values for high sensitivity and high specificity (cancer tissue 111.5 ng/ml protein, sensitivity 76.6%, specificity 56.3%; normal mucosa 227.3 ng/ ml protein, sensitivity 85.1%, specificity 31.1%). Fig. 3 shows the actual survival curves for all colorectal carcinoma patients, subdivided by their tissue levels of sVcam-1. the patients with lower levels of sVCAM-1 expression had significantly poorer prognoses than those with levels above the cut-off value (log-rank test, p=0.0002). based on cox univariate proportional hazards analysis, advanced T classification (t3,t4), vessel involvement, lymph node metastasis, distant metastasis and decreased tissue levels of sVcam-1 were associated with poor prognosis (table ii) . upon multivariate analysis, distant metastasis and decreased tissue sVcam-1 levels were independent risk factors predicting a poor prognosis (table iii) .
Immunohistochemical staining of VCAM-1 in colorectal cancer tissues and its relation to sVCAM-1 levels. Fig. 4a and b shows the results of the immunohistochemical staining of Vcam-1 in the cancer tissues. Vcam-1 was localized in the cancer stroma (Fig. 4a) and/or the cancer cell cytoplasm (Fig. 4b) according to their cancer stroma Vcam-1 expression levels determined by immunohistochemical analysis. the patients with intense Vcam-1 expression in the stroma had significantly poorer prognoses than those without expression of Vcam-1 (log-rank test, p=0.0081). by contrast, there was no correlation between Vcam-1 expression in cancer cell cytoplasm and prognosis (log-rank test, p=0.2246, data not shown). in addition, the mean concentration of sVcam-1 in the cancer tissue with intense stromal Vcam-1 immunoreactivity was significantly lower than that in the cancer tissue without Vcam-1 expression (108.7±67.2 vs. 219.9±212.1; p=0.0251), and there was no significant relationship between cancer tissue levels of sVcam-1 and Vcam-1 immunoreactivity in the cancer cell cytoplasm (table iV) .
Discussion
in the present study, we determined a strong correlation between decreased sVcam-1 concentrations in colorectal cancer tissues and disease progression. cell adhesion molecules are thought to play an important role in the process of metastasis, since each step requires cell-cell and cell-extracellular matrix interactions (19) (20) (21) . Vcam-1, one of the most important adhesion molecules, exists as a membrane-bound and a soluble form, and plays a crucial role in this process (3, 4) . Other reports have suggested a mechanism of tumor immune evasion whereby tumor expression of Vcam-1 might promote t-cell migration away from tumors, therefore allowing them to escape immune attack (9, 10) . Vcam-1 is thus considered to play a key role in the process of malignant progression. a previous study using northern blotting revealed that Vcam-1 mrna was overexpressed in colorectal cancer, in comparison to normal controls (22) . it has also been demonstrated that Vcam-1 expression in gastric cancers is highly related to invasiveness and advanced stage (5) . in contrast, sVcam-1 has been found in the culture supernatants of cytokine-treated endothelial cells in human serum and in the synovial fluid of patients with rheumatoid arthritis (23, 24) . the origin of sVcam-1 is not completely understood, but it is possible that it is released from the cell surface by proteolytic cleavage (25) . sVcam-1 could act as a chemoattractant (17) and competitive inhibitor through interaction with α4 integrins in the local microenvironment (18) . although it is possible that sVcam-1 itself may inhibit cancer growth, there have been no reports on the function of sVcam-1 itself in the colorectal cancer microenvironment.
in the present study, reduced levels of sVcam-1 in cancer tissues were significantly correlated with well-known prognostic factors such as T classification, lymphatic duct and vessel involvement, nodal metastasis and distant metastasis. By contrast, there was no significant relationship between the levels of sVcam-1 in normal mucosa and clinicopathological factors, except for vascular involvement. patients with decreased cancer tissue levels of sVCAM-1 had significantly poorer prognoses than those with higher levels. Furthermore, a decreased cancer tissue level of sVcam-1 and distant metastasis were found to be independent prognostic factors for colorectal carcinomas. these data strongly suggest that decreased cancer tissue levels of sVcam-1 are intimately involved in the process of tumor progression. the negative correlation between sVcam-1 expression in cancer tissues and tumor size may also be explained by the promotion of local cancer growth by sVcam-1 itself.
notably, the present study showed that decreased sVcam-1 cancer tissue concentrations were associated with positive expression of Vcam-1 in the cancer stroma, but not in the cancer cell cytoplasm, suggesting that concentrations of sVCAM-1 in cancer tissue mainly reflect the shedding of membranous Vcam-1 from tumor stromal cells.
the shedding of Vcam-1 from cytokine-stimulated endothelial cell surfaces is regulated by tissue inhibitor of metalloprotease-3, which is mediated by tumor necrosis factor-α-converting enzyme (adam17) (26, 27) . blanchotjossic et al found that adam17 was present in an active form and was up-regulated at the mrna level in primary colon carcinomas compared with paired normal colonic mucosa. in addition, adam17 was expressed by stroma cells, i.e. some immune cells, vascular and non-vascular myocytes, and by some endothelial cells, but not by cancer cells (28) . the association between the expression of Vcam-1 in the cancer stroma and the concentration of sVcam-1 found in our study might suggest that shedding, resulting from proteolytic cleavage of the cancer membrane-bound molecule, occurs in the cancer microenvironment. it is therefore conceivable that shedding of Vcam-1 into the cancer microenvironment as a result of proteolytic cleavage could influence cancer progression and prognosis both by suppressing the Vcam-1 pathway and by the competitive activity of sVcam-1 itself.
in conclusion, we demonstrated that decreased tissue concentrations of sVcam-1 in colorectal cancer patients were significantly correlated with clinicopathological parameters and prognosis. although the regulatory mechanisms of the membranous and soluble forms of Vcam-1 are currently unknown, the present results suggest that the induction of proteolytic cleavage could provide a potential immunological basis for possible future cancer treatment strategies. 
